Abstract.-Despite being the objects of numerous macroevolutionary studies, many of the best represented constituents of the fossil record-including diverse examples such as foraminifera, brachiopods, and mollusks-have mineralized skeletons with limited discrete characteristics, making morphological phylogenies difficult to construct. In contrast to their paucity of phylogenetic characters, the mineralized structures (tests and shells) of these fossil groups frequently have distinctive shapes that have long proved useful for their classification. The recent introduction of methodologies for including continuous data directly in a phylogenetic analysis has increased the number of available characters, making it possible to produce phylogenies based, in whole or part, on continuous character data collected from such taxa. Geometric morphometric methods provide tools for accurately characterizing shape variation and can produce quantitative data that can therefore now be included in a phylogenetic matrix in a nonarbitrary manner. Here, the marine gastropod genus Conus is used to evaluate the ability of continuous characters-generated from a geometric morphometric analysis of shell shape-to contribute to a total evidence phylogenetic hypothesis constructed using molecular and morphological data. Furthermore, the ability of continuous characters derived from geometric morphometric analyses to place fossil taxa with limited discrete characters into a phylogeny with their extant relatives was tested by simulating the inclusion of fossil taxa. This was done by removing the molecular partition of individual extant species to produce a "cladistic pseudofossil" with only the geometric morphometric derived characters coded. The phylogenetic position of each cladistic pseudofossil taxon was then compared with its placement in the total evidence tree and a symmetric resampling tree to evaluate the degree to which morphometric characters alone can correctly place simulated fossil species. In 33-45% of the test cases (depending upon the approach used for measuring success), it was possible to place the pseudofossil taxon into the correct regions of the phylogeny using only the morphometric characters. This suggests that the incorporation of extinct Conus taxa into phylogenetic hypotheses will be possible, permitting a wide range of macroevolutionary questions to be addressed within this genus. This methodology also has potential to contribute to phylogenetic reconstructions for other major components of the fossil record that lack numerous discrete characters.
Animal taxa with mineralized morphological elements, or hard-parts (e.g., tests, shells, bones, etc.), have the richest and best studied fossil records and thus have the most potential for macroevolutionary studies, which are best conducted within a phylogenetic framework. Among paleontologically important clades of nonvertebrates, however-and with the notable exceptions of corals, bryozoans, echinoderms, and arthropods-it is often the case that the most abundant and readily characterized morphological features occurred in the soft-part anatomy, which only rarely survive fossilization processes (Note: Molecular sequence data, of course, remain and probably will forever remain unattainable from all but the geologically youngest fossils). Furthermore, where hard-parts are preserved, it has often proved extremely difficult to reduce the continuous variation of hard-part morphology, especially attributes of shape, into discrete characters in a nonarbitrary way for phylogenetic analysis. Herein lies the problem: Many of the taxa that have the best fossil record (e.g., foraminifera, brachiopods, and bivalve, cephalopod, and gastropod mollusks) have left behind only tests or shells (essentially single, albeit complex, organ systems) with limited discrete characters. As a general rule, the number of characters required to generate a robust and well-resolved phylogeny in a phylogenetic analysis is approximately twice the number of taxa in the matrix, or at the least, n−1 synapomorphies for n taxa (Eldredge and Cracraft 1980) . Therefore, the number of characters required for a purely morphology-based analysis of a large number of taxa (usually) far outstrips the number of morphological features that may be characterized from many invertebrate taxa, particularly in the case of fossils where only mineralized hard-parts are available.
What is the best way to incorporate taxa with limited discrete character data into phylogenetic hypotheses? Here we describe a methodological approach toward solving this problem that utilizes, in combination, outline-based eigenshape geometric morphometrics and the computational method of Goloboff et al. (2006) which allows for the direct analysis of continuous characters and is implemented in the phylogenetics software Tree analysis using New Technology (TNT) (Goloboff et al. 2003a (Goloboff et al. , 2008 -to characterize the shell shapes of members of a clade of gastropod mollusks in a manor amenable to phylogenetic analysis. Although we focus on the shells of gastropods, the approach we describe here should be applicable to any biological structures that have taxonomically distinctive shapes, from plant leaves to individual vertebrate bones.
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The Utility of Continuous Characters in Phylogenetic Analysis Every phylogenetic analysis requires a matrix of character data and these characters, either morphological or molecular, have traditionally been composed of discrete states. The inclusion of continuous character data into cladistic matrices has been hotly debated since the idea was first raised. Although some have argued that continuous data should be excluded from phylogenetic analyses (e.g., Pimental and Riggins 1987; Cranston and Humphries 1988; Felsenstein 1988; Bookstein 1994; David and Laurin 1996) , a vocal group has argued since the early 1990s for the inclusion of all available morphological data, including continuous data (e.g., Stevens 1991; Thiele 1993; Rae 1998) .
Recent studies have demonstrated that continuous data described by general morphometric methods are suitable for inclusion in phylogenetic analyses (e.g., Rae 1997 Rae , 1998 Swiderski et al. 1998; Zelditch et al. 2000 Zelditch et al. , 2001 Felsenstein 2002; Humphries 2002; Rae 2002; Jensen 2003) . As Zelditch et al. (2001, p. 148 ) succinctly pointed out "some objections ostensibly directed at quantified shape data apply equally well to all shape data, or perhaps even to all data, not quantified size and shape data exclusively." However, even among those who agree that continuous data should be included in a phylogenetic analysis, little consensus has been achieved on how such data should be used in a phylogenetic context. Felsenstein (2002) suggested that much of the problem associated with utilizing continuous characters has been that, until recently, software programs have only allowed discrete (binary or multistate) characters to be entered into cladistic matrices. A large part of the ongoing debate about how to use continuous characters has therefore been an ongoing discussion of how to best code continuous characters into discrete character states for analysis (e.g., Almeida and Bisby 1984; Thorpe 1984; Archie 1985; Baum 1988; Goldman 1988; Chappill 1989; Thiele 1993; Strait et al. 1996; Stevens 2000; Wiens 2000a Wiens , 2001 Reid and Sidwell 2002; Guerrero et al. 2003; Garcia-Cruz and Sosa 2006) . There has also been some discussion about alternative methods of analyzing continuous characters; examples include use of distancebased methods (Thuillard and Fraix-Burnet 2009) or maximum-likelihood modeling approaches (Lee et al. 2006) .
The software TNT (Goloboff et al. 2003a (Goloboff et al. , 2008 now allows the direct analysis of continuous characters without requiring that they be broken into discrete states. Although this does not address the underlying issue of whether or not continuous characters are suitable for use in phylogenetic reconstruction, it has opened up new possibilities for the use of morphometric data in phylogenetic inference and made much of the debate regarding how to code continuous characters less relevant than during the peak of the morphometric/phylogenetic coding debate (e.g., Wiens 2000b; Adrain et al. 2001; MacLeod and Forey 2002) .
A number of studies have now begun to utilize TNT's ability to phylogenetically analyze continuous data (e.g., Domínguez and Roig-Juñent 2008; Hornung-Leoni and Sosa 2008; Hendrixson and Bond 2009; Lehtonen 2009; Mirande 2009; Poore 2009; Vega et al. 2009; Donato and Siri 2010; Sierra et al. 2010; Vargas et al. 2010; Costa 2011; Vrech et al. 2011) , including geometric morphometric data (e.g., González-José et al. 2008; Chemisquy et al. 2009; Clouse et al. 2009; de Bivort et al. 2010; AguilarMedrano et al. 2011) .
Geometric Morphometrics and Shape Description
Traditional morphometric methods refer to basic linear measurements (such as widths and heights) that have been, and still are, widely used to describe and compare shapes of different organisms. Length measurements, however, are limited in the shape information that they can capture about an organism and do not always distinguish between size and shape variation (e.g., see Zelditch et al. 2004 ). An important additional problem with traditional morphometrics is that researchers (e.g., Estebenet and Martín 2003; Olabarria and Thurston 2004; Anderson et al. 2007; Preston and Roberts 2007; Hendricks 2009 ) often employ measurements between endpoints that are implicitly assumed to be homologous, though this may not be the case. For example, measurements might be collected that correspond with the widest dimension along the length of a biological structure, but the position of that widest dimension may not necessarily be homologous between specimens or species. In the case of gastropods, some taxa have shells that are widest at the shoulder (the region just below the suture on the last whorl of the spire), while closely related species are wider below the shoulder; when measurements are collected, however, the differing location of the widest point on the shell is rarely taken into account.
To address problems such as these, geometric morphometric techniques were developed (see Bookstein (1993) , Adams et al. (2004) and Lawing and Polly (2010) for discussions of the history of geometric morphometrics) that account for the geometry of the shape in question and therefore retain more information about shape variation. Initially these methods used sets of landmarks positioned on points assumed to be homologous, which were then analyzed using relative warps analysis (analogous to principle component analysis of length data), but methods for characterizing entire curves (such as outlines) have been increasingly employed by some researchers (see additional discussion below). Many geometric morphometric methods utilize eigen-vector techniques (e.g., relative warps analysis and eigenshape analysis), meaning that the data set undergoes a decomposition that generates a new set of axes along which shape is partitioned as independent components of the shape variation in the original data set. Each eigenaxis produced by this decomposition encompasses Example showing how body whorl shape varies along 2 eigenaxes (eigenaxes show values prior to adjustment to make all values positive for inclusion into TNT) in 5 Conus species. Eigenaxis models at the far left and bottom of the figure show generalizations of how shape varies along each eigenaxis. Here, Eigenaxis 1 shows variation from high-spired shells at low values to low-spired shells at high values, whereas Eigenaxis 2 shows variation in elongation of the body whorl of the shell from short and wide at low values to more elongated and cylindrical at higher values. The position of each of the 5 species shown here is indicated by their positions along each axis. For example, Conus miliaris and C. geographus have similar spire shapes but very different body whorl shapes, with C. miliaris being shorter and wider as reflected by its low score on Eigenaxis 2 and C. geographus being more elongated as reflected by its high score on Eigenaxis 2. Similarly, C. arcuatus and C. imperialis have similarly shaped body whorls and therefore have similar positions on Eigenaxis 2, but have very different spire shapes, with C. arcuatus being taller than the low and flat spire of C. imperialis, which is reflected in their positions at opposite ends of Eigenaxis 1.
a specified mode and range of form variation that accounts for a certain proportion of the total observed form variation in the data set. For instance, the first axis, describing the most variation in the data set, may show change in size, whereas the second may show a change in the angle of a structure. Adding all of the axes back together describes the total form variation in the data set. The position of a specimen along an axis (given by its eigenscore or eigenaxis loading) indicates where it lies in the spectrum of form variation described by that axis. As each axis describes a different component of form variation, identifying the position of a specimen on every axis in the data set allows its complete form to be reconstructed. Every species occupies a range of form space along each axis and therefore intraspecific form variation can be described (Fig. 1) .
Although a majority of geometric morphometric studies have utilized landmark approaches, their application to some biological structures (e.g., shells that exhibit accretionary growth) have proven challenging, particularly in cases where definition of presumably homologous points between taxa is unclear. Although 2013 SMITH AND HENDRICKS-PHYLOGENETIC CHARACTERS AND GEOMETRIC MORPHOMETRICS 369 the use of landmark methods do not require biological homology (MacLeod 1999) , the difficulty in defining biologically homologous points between taxa has sometimes been perceived as an obstacle to their application. Regardless of this, however, the placement of landmarks in positions that are geometrically equivalent is still often problematic if the shapes being examined are variable enough. Even very simple shapes can be difficult to characterize using landmarks alone and different constellations of landmarks can yield different results (MacLeod 1999) .
The development of outline methods such as Fourier analysis (e.g., Foote 1989; Crampton 1995; Haines and Crampton 2000) and eigenshape analysis (Lohmann and Schweitzer 1990; MacLeod 1999) , however, has offered a solution to this problem. Rather than using discrete points that are assumed to be homologous-as is the case with the endpoints of traditional measurements or landmark-based geometric morphometrics analysesthese techniques define shapes using a large number of semilandmarks (x-y coordinate points that are not assumed to be individually homologous but are used to define the shape only). The use of semilandmarks, rather than discrete homologous points, allows comparison between shapes which might not necessarily contain the same set of homologous discrete landmark points. As homology between semilandmarks is not assumed, semilandmark-based methods such as eigenshape analysis appear ideal for use with groups such as the gastropods where defining homologous points between species has proved so difficult. The use of semilandmarks allows comparison between shapes that are homologous as whole structures, but which might not necessarily contain the same set of homologous discrete landmark points within them.
Outline-based Geometric Morphometric Data from Gastropod Shells as Continuous Cladistic Character Data
This study employs, for the first time, outline-based geometric morphometric data derived from the shells of Conus gastropods (cone snails; Figs. 1 and 2) as continuous character data for the purpose of phylogeny reconstruction. As homology between semilandmarks is not assumed, semilandmark-based methods such as eigenshape analysis appear ideal for use with groups such as gastropods where defining homologous points (both biological and geometrical) between species has proved difficult, but where the shells are homologous as whole structures. (Note: Gastropod shells are assumed to be homologous across the class; the shape of the shell is therefore also homologous between them and this is certainly the case at the family and genus levels within the class.) Such semilandmark-based methods are starting to be applied to the shells of gastropods (e.g., Teusch and Guralnick 2003) . In Conus, for example, nearly all of the linear components of the shape of the body whorl and spire that were described and quantified
FIGURE 2. Outline data captured from Conus shells. a) Photograph of a specimen of C. cinereus (CAS180459); shell length = 43.1 mm (scale bar = 1 cm). b) Portion of shell from which outline data were collected, including body whorl and spire. c) Example of outline that was then converted to coordinate data using tpsDig. The thickness of the trace line is for illustrative purposes only; an actual outline would be much finer in order to capture more detail.
in detail by Kohn and Riggs (1975, figure 2) can be characterized by a single outline (Fig. 2) .
To fully address the question of whether or not continuous shell character data contain a phylogenetic signal, it is necessary to have an independent reference phylogeny with which to compare a cladogram generated using only shell characters (for a similar line of reasoning, see Hendrixson and Bond 2009) . As many invertebrate groups are limited, even with modern species, to phylogenies based on morphology alone, this can be very difficult. Conus-a hyperdiverse marine genus with more than 500 extant species (Röckel et al. 1995 )-therefore makes an ideal test group, as abundant molecular sequence data have been collected from many extant species (e.g., Duda and Palumbi 1999; Conticello et al. 2001; Duda et al. 2001; Espiritu et al. 2001; Olivera 2002; Cunha et al. 2005 Cunha et al. , 2008 Duda and Kohn 2005; Duda and Rolán 2005) . These sequence data make it possible to generate independent molecular phylogenies that can be compared with those generated using matrices that include morphometric data in order to assess the phylogenetic signal in, and impact of, those morphometric data. Conus also has a rich and diverse Eocene to recent fossil record (e.g., Kohn 1990; Hendricks 2009; Hendricks and Portell 2008) characterized by an unprecedented rate of diversification relative to other marine mollusks (Kohn 1990; Stanley 2008) , making it a compelling taxon for addressing a variety of interesting evolutionary questions.
This study does not aim to use continuous characters alone to generate a phylogeny. Rather, it aims to evaluate the utility of continuous characters generated from a geometric morphometric analysis for placing taxa into a phylogenetic framework suggested predominantly by molecular sequence data. We use a total evidence approach (also known as combined analysis, simultaneous analysis, or the supermatrix approach; see Hermsen and Hendricks 2008) to generate a phylogeny of extant Conus taxa based on molecular and morphometric characters. The potential for placement of fossil taxa in the resulting phylogeny is evaluated by simulating the inclusion of fossil taxa by removing molecular data from individual species in the total evidence matrix. We then compare the resulting phylogenies from the total evidence matrix with those resulting from the individual matrices that included simulated fossils. This allows for evaluation of how readily fossil taxa-which are typically represented by limited mineralized hard-parts alone-can be placed into a phylogenetic analysis based only on continuous character data derived from geometric morphometrics.
METHODS

Taxa Analyzed
An effort was made to sample as widely as possible from the different infrageneric subclades of Conus recovered by Duda and Kohn (2005, figure 2 ; phylogenetic hypothesis reconstructed using calmodulin intron molecular data) as increased accuracy is obtained through increased taxon sampling (e.g., Pollock et al. 2002) . Additional criteria for inclusion were (1) Genbank availability of 16s rRNA and calmodulin intron data sequence for individual species (these have been the most widely used sequence data in previous analyses of Conus phylogeny, e.g. Duda et al. 2001; Espiritu et al. 2001; Duda and Kohn 2005) and (2) availability of well-preserved museum shell samples. The second criterion was the more limiting; while there are no consistent rules for minimum sample sizes for morphometric analyses, larger sample sizes are obviously desirable. Initially species were included for study if 10 or more well-preserved museum specimens were available; however, in the final data set, some specimens were discarded (due to dubious taxonomic affinity or if the outline of the shell was problematically obscured by encrusting organisms, etc.), resulting in some per-species sample sizes less than 10. The majority of specimens came from the Paleontological Research Institution (PRI; Ithaca, NY, USA) and California Academy of Sciences (CAS; San Francisco, CA, USA), with some additional material added from the malacology collections of the Florida Museum of Natural History (FLMNH; Gainesville, FL, USA) and the University of Kansas Division of Invertebrate Paleontology (KUMIP; Lawrence, KS, USA) in order to increase sample sizes where initial numbers of available specimens were low. In all, 61 extant Conus species were included in our analysis and are listed with museum sample numbers and GenBank accession numbers in Table 1 ; exemplary specimens of each species are shown in Supplementary Figures S1-S6.
Conus californicus was used as the outgroup as previous studies show that it is a sister taxon to the other (Duda et al. 2001; Espiritu et al. 2001; Duda and Kohn 2005; Biggs et al. 2010) . Although one or more neogastropod taxa outside of Conus would ideally be used as outgroups, no appropriate taxa could be found in the GenBank database that have both of the genetic regions (16s rRNA and calmodulin) possessed by all of the ingroup taxa. An ideal outgroup candidate for exploring Conus phylogeny would be Conorbis, but material is very rare in the museums we surveyed. Although shells of Conorbis were located in the dry FLMNH collections, this taxon was represented by too few specimens to be included in the geometric morphometrics analysis. Additionally, no molecular data are currently available for the genus and no material from which sequencing could be carried out has been located.
We note that the current taxonomic status of the western Atlantic species Conus jaspideus is controversial and a full revision of this complex is needed. For example, some of the shells included in our study are referable to C. jaspideus stearnsii, which some consider to be a distinct, albeit closely related, species (e.g., Tucker and Tenorio 2009 ). If C. stearnsii is conclusively shown to be a distinct species, then our "C. jaspideus" terminal would become a composite taxon since the molecular sequence data we utilized (see below) are from C. jaspideus.
Molecular Data
Calmodulin and 16S rRNA sequence data were downloaded from the National Center for Biotechnology Information's GenBank database (Table 1) . Each region was individually aligned using the online software MUSCLE (version 3.7; Edgar 2004) . Alignment ambiguities were then removed from each aligned sequence file using the software Gblocks (version 0.91; Castresana 2000) . The "minimum length of a block" function was set to "5" and "the treatment of gaps" function set to "with half" (i.e., allowing gaps to persist if present in 50% of more of taxa; see Cartwright et al. (2008) , who utilized a similar protocol). After alignment ambiguities were removed, both sets of sequence data were then combined into a single data matrix (hereafter called the molecular partition) using the software program WinClada (version 1.00.08; Nixon 2002).
Morphological Data
Digital images of each Conus specimen were taken in standardized apertural view such that the axis of coiling and opening of the aperture were parallel to the lens of the camera (Fig. 2) . Photoshop (version 6.0; Adobe Systems, Inc. 2000) was used to adjust all images to the same scale and the outline of the spire and body whorl, excluding the aperture and apertural lip (which are often, if not usually, broken), were digitized by tracing the shape of the outline using a digital tablet.
This produced a closed outline trace (Fig. 2) that was exported as a .jpeg image then converted to coordinate points using tpsDig (version 2.12; Rohlf 2008) . Outline coordinates were then reordered using code in IDL (version 5.6; ITT Visual Information Solutions 2002) so that the starting point of each outline corresponded to the apex of the spire, the only easily defined topologically homologous point on the shells.
Eigenshape analysis (Lohmann and Schweitzer 1990; MacLeod 1999 ) of the resulting closed outlines was carried out using the Standard Eigenshape Morphotool notebook (version 2.6; Krieger 2006) in Mathematica (version 7.0; Wolfram Research, Inc. 2008) . All outlines were resampled to 300 coordinates during this process. An eigenshape analysis of a large number of specimens will produce a large number of axes and therefore the number of potential axes available to generate characters in a phylogenetic analysis using multiple specimens of many species will also be large. Furthermore, the total number of axes used to generate phylogenetic characters will vary depending on the method used to select the cutoff point for inclusion. Here, we assumed that where an axis explained less than 1% of the variation in the data set, that axis' variation was noise.
The eigenshape analysis defines new axes through the data set, each of which corresponds to some portion of the variation in the original data and it is the position of a species along these new axes that was used here as the input into TNT (Goloboff et al. 2003a (Goloboff et al. , 2008 , as this position describes the species' shape. These new axes are centered by definition on zero which produces negative eigenscore values for some specimens; TNT, however, requires that all continuous character states be positive. To make the values suitable for analysis by TNT, an arbitrary value of 5 was added to every eigenscore in the data set to shift all values along the axis in order to make them positive. Although this alters the absolute value of the eigenscores, it preserves the relative positions among the species in shape space with respect to one another and it is this variation in relative position that is utilized in the phylogenetic analysis because TNT optimizes continuous characters as additive (i.e., ordered multistate) characters. TNT optimizes the continuous characters in the same way as other additive characters by using Farris' (1970) algorithm for the downward-pass, which optimizes the intervals between the numerical values of the characters, rather than the actual values themselves, allowing the algorithm to be applied directly to continuous numerical data (Goloboff et al. 2006) . TNT allows ranges to be used as character states and a step count of zero is used during optimization where the ranges overlap between taxa (i.e., where the means are statistically indistinguishable). Following the suggestion of Goloboff et al. (2006) , one standard error around the mean was calculated for each species' scores (i.e., calculated using the scores of all the individual specimens of each species) on each eigenaxis and this range was then used for the character states of continuous characters in the total evidence TNT matrix. 
Phylogenetic Analysis: Molecular Phylogeny and Simultaneous Analysis of Total Evidence Matrix
The molecular matrix was compiled as a .tnt file after the alignment protocol described above. The total evidence matrix for analysis in TNT was compiled by adding the generated morphometric characters to the DNA characters as a separate block within a .tnt file. All analyses were carried out in TNT (version 1.1; Goloboff et al. 2003a) . Both the molecular phylogeny and the total evidence tree were calculated using traditional parsimony analysis using 1000 tree bisectionreconnection (TBR; Swofford and Olsen 1990) replicates where the 10 shortest trees were held after each replicate and the random seed option was set to 0 (time); otherwise TNT's default settings were used. Memory was set to hold 10 000 trees and unsupported nodes were set to be collapsed (i.e., "rule 3" was implemented) so as to not show unsupported dichotomies. Uninformative characters were deactivated prior to each analysis. Absolute frequency support values for the molecular tree were calculated using 5000 symmetric resampling (Goloboff et al. 2003b ) replications in TNT (change probability set at 33%). Bayesian and likelihood methods were not employed as the methodology described herein is designed to utilize TNT's implementation of continuous character analysis using parsimony.
Cladistic Pseudofossil Phylogenetic Analysis
In paleontology, the term pseudofossil is used to mean a nonorganic object that may be mistaken for a fossil. A number of studies in the systematics literature (e.g., Jordan and Hill 1999; Jordan and Macphail 2003; Asher and Hofreiter 2006) , however, have begun to use the term to mean a taxon for which character data are removed prior to phylogenetic analysis to simulate including a taxon with limited character preservation, such as a fossil species, in the analysis. Here the term "cladistic pseudofossil analysis" is used to indicate an analysis in which the molecular partition is removed from a single extant terminal taxon, leaving only the morphological partition. The purpose of a cladistic pseudofossil analysis is to test the strength of the phylogenetic signal in the morphological data (in this case, continuous morphometric data). If the majority of pseudofossils can be placed successfully into the phylogeny using only the characters that would be available to be observed and measured from a fossil specimen, we can be confident that the methodology will allow actual fossils to be incorporated into a phylogenetic analysis with extant species.
Cladistic pseudofossil analyses began by removing each individual species' molecular partition from the complete total evidence data set, resulting in a total of 60 cladistic pseudofossil matrices that each contained a single cladistic pseudofossil (a cladistic pseudofossil analysis was not completed for Conus californicus, the outgroup taxon). The cladistic pseudofossil analyses were then carried out on each of the 60 matrices using the same search parameters as used to generate the total evidence tree (see above). The placement of the cladistic pseudofossil taxon in the resulting phylogeny was then compared with its placement in the total evidence phylogeny following the protocol described below.
Measurement of the Ability of Morphometric Data to Correctly Identify the Phylogenetic Position of Individual
Pseudofossil Taxa Two methods were utilized to assess the ability of the continuous character data partition to successfully identify the phylogenetic positions of individual pseudofossil taxa. The first method (hereafter, Method 1) measures success based on the phylogenetic stability of the cladistic pseudofossil and whether its presence in the matrix caused disruption elsewhere in the resulting tree(s). The second method (hereafter, Method 2) measures success based on whether or not the position of the pseudofossil taxon varies from the position of the taxon in a symmetric resampling tree generated from the total evidence matrix.
Method 1.-Each bifurcation in the total evidence tree was given an identifying number (Fig. 3a) to facilitate tracking of species that moved during the cladistic pseudofossil analysis. A cladistic pseudofossil analysis was deemed a success if the pseudofossil remained within the same clade it was placed in by the total evidence analysis. In some cases within the most derived clades, the criterion for success was relaxed somewhat to include semisuccessful placement if the pseudofossil moved out of the subgroup where it was originally found, but remained in the same major clade (e.g., Conus catus moving to group with C. tulipa and C. geographus, rather than with C. magus). Except for cases where the pseudofossil tree and total evidence tree were identical in topology, no single statistic was used to identify success in a pseudofossil analysis. Visual inspection of where a species had moved was the quickest method for identifying success, but examination of pseudofossil placement and potential disruption to the structure of the phylogeny was facilitated by using 2 of TNT's options: "agreement subtrees" and "compare groups" (see Goloboff et al. 2003a Goloboff et al. , 2008 .
"Agreement subtrees" produces a phylogeny comprised of only those taxa whose relationships between the total evidence and cladistic pseudofossil tree are not different, allowing the taxa which have moved in the cladistic pseudofossil tree to be easily identified (i.e., it allows easy identification of those taxa that are incongruent between the total evidence tree and the pseudofossil tree). "Compare groups" indicates visually where the structure of the total evidence tree has been altered to become the cladistic pseudofossil tree by producing a topology in which all taxa that are in agreement between trees are moved to a polytomy and where new incongruous relationships are represented as branches showing where an alteration has occurred (e.g., Fig. 4 ). The number of branches (b) that occur in a compare group tree (Table 2) can be used as an indicator of how much disruption has occurred, with higher numbers of branches generally indicating more disruption.
Where the cladistic pseudofossil tree is identical to the total evidence tree, therefore, the "compare groups" FIGURE 4. Examples of comparison trees resulting from pseudofossil analyses (see text) for 2 species; a) Conus abbreviatus and b) C. flavidus. In both cases, the number of branches produced is 2 (i.e., b = 2). Case (a) has been classified as successful because the pseudofossil remained within its major clade (number of disrupted nodes, x = 6), whereas case (b) was deemed unsuccessful because the cladistic pseudofossil moved further, causing more disruption (x = 12). Fig. 4 for explanation); number of species missing from the agreement tree; the position of the pseudofossil on the total evidence tree (Fig. 3a) ; the position of the pseudofossil following the pseudofossil analysis; indication of whether or not the pseudofossil analysis caused topological disruption elsewhere on the phylogeny; whether or not a species moved during symmetric resampling (see text and Fig. 3b) Fig. 3a) New clade number (See Fig. 3a tree is a complete polytomy and b = 0. Where there are differences between the cladistic pseudofossil tree and the total evidence tree, these appear as nodes on the "compare groups" tree (positions indicated by an "x" in Fig. 4) . A higher number of nodes (i.e., a higher value of x in Table 2 ) on the "compare groups" tree indicates that the cladistic pseudofossil has moved further than in cases where there are fewer nodes. Where a cladistic pseudofossil has moved out of its own clade and into another, a branch extending down to the basal polytomy is produced on the comparison phylogeny (Fig. 4) . It is possible for a cladistic pseudofossil to move a short distance between clades within a major group (Fig. 4a) or to move a long distance and produce a few branches (e.g., if it moved from a derived major group into a more basal clade as in Fig. 4b ).
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If there are any nodes on the comparison phylogeny, b must by definition be at least one. Therefore, a combination of the number of incongruent branches found on the comparison topologies (b) and the number of nodes (x) was used as supporting information in an attempt to identify successful and less successful cladistic pseudofossil analysis results. In some cases, the cladistic pseudofossil analysis caused disruption in parts of the phylogeny that the cladistic pseudofossil species had not moved to or from. These were counted as being successful where the topology of the clade in which the cladistic pseudofossil is positioned was not affected. Successful cladistic pseudofossil analyses were defined to occur where b 1 (except in cases where the pseudofossil moved a great distance across the phylogeny, but other groupings remain congruent, such was the case with Conus planorbis and C. imperialis).
In rare cases where a species has moved only a short distance within a clade, b = 2 was also classified as successful because the cladistic pseudofossil remained within the correct parent group. Although the analysis was deemed successful in these cases, the cladistic pseudofossil is further from its position in the total evidence phylogeny than in other successful analyses (where b 1) and may be considered semisuccessful rather than truly successful. Cases where a value of b = 2 were considered to be successful were those in which the number of total xs on the comparison tree was low, but this is a less useful guide than looking at the structure of the cladistic pseudofossil tree, as a high number of xs may often be caused by movements of phylogenetically small distance in a densely sampled clade rather than large movements across the phylogeny. Where b 3, the analysis was automatically classified as a failure as it indicates not only disruption to the cladistic pseudofossil's clade of origin and its new clade, but also disruption elsewhere in the tree. The absolute value of x is less useful as an indicator of success because, while a high b automatically results in a high x (e.g., Conus distans), it is possible to have a low b and high x such as where a cladistic pseudofossil moved from a basal position up the phylogeny (such as with C. planorbis).
Method 2. -Duda and Kohn (2005) showed that the phylogenetic positions of some of the species included in this study are not well supported by molecular sequence data. Because of this, evaluation of whether or not a pseudofossil analysis for an individual taxon was successful could be hampered by direct comparison of the position of the pseudofossil taxon with its position in the total evidence consensus tree (Method 1) if the position of that taxon in the total evidence consensus tree is not well supported to begin with. Method 2 addresses this issue by comparing the position of the pseudofossil taxon with the position of the same taxon in a symmetric resampling (Goloboff et al. 2003b ) tree generated from the total evidence data set with clades with less than 50% support collapsed; if the pseudofossil remains in the same clade (the well-supported clades from the total evidence phylogeny in Fig. 3a are identified by the stars in Fig. 3b ), the trial is deemed successful. The symmetric resampling tree was generated from the total evidence data set using the following settings in TNT: Uninformative characters were deactivated; change probability was set at 33% with option "absolute frequencies" selected; 5000 replications were conducted using the "traditional search" option; and trees with less than 50% support were set to be collapsed.
RESULTS
Gblocks retained 61% of the 16s characters and 39% of the calmodulin characters. The resulting combined molecular partition contained 664 DNA characters, though 389 of these were found to be uninformative and were deactivated, leaving 275 informative sequence characters. The molecular phylogenetic analysis produced 24 equally parsimonious trees, each of length 1461 with a consistency index (CI; Kluge and Farris 1969) The eigenshape analysis of the 61 species resulted in 14 axes that each represented more than 1% of the total variation in the data set (Table 3 ). Figure 5 shows shape variation along the first 3 eigenshape axes (see also Fig. 1) . Axis 1 shows, from low to high scores along the axis, variation in the height of the spire across the axis from steep sided (Conus arcuatus-like) to flattened (C. imperialis-like). Axis 2 shows variation in elongation of the body whorl of the shell from short and wide (C. miliaris-like) to thinner and more elongated and cylindrical (C. geographus-like), whereas Axis 3 shows variation in the concavity/convexity of the spire from concave (C. generalis-like) to more rounded (C. chaldaeuslike). Each of the 14 axes-which represented 63.7% of the total outline shape variation in the data setwere added as morphometric characters (following the protocol described above) to the molecular partition to form the total evidence data set. All 14 morphometric characters were informative, resulting in a total evidence matrix that had 289 equally weighted, phylogenetically informative characters. FIGURE 5. Shape models along Eigenaxes 1-3. In each case, the right-most image is a composite of 10 models along the axis (including those shown in the figure) that are superimposed upon each other in order to clearly illustrate the component of shell morphology being captured by the individual eigenaxis.
The total evidence analysis resulted in the recovery of a single most parsimonious tree which is shown in Figure 3a . It has a length of 1469.873 steps, a CI of 0.286, and RI of 0.436. This tree produced the same major groups as the molecular phylogeny, but the inclusion of the morphometric characters led to improved resolution. The total evidence matrix resulted in the same major groupings recovered by Duda and Kohn (2005) . For example, the major split between the predominantly Indo-Pacific and Western Atlantic/Eastern Pacific taxa (hereafter, "IP clade" and "WA/EP clade," respectively) and additionally all groupings with greater than 50% bootstrap support in the Duda and Kohn calmodulin tree (see roman numerals in Fig. 3a) were recovered by our total evidence analysis. The molecular consensus tree (Fig. 6) produced from the calmodulin and 16s rRNA data is generally congruent with the total evidence tree (Fig. 3a) , though not identical to it due to some differences in species relationships within the more derived groups that are better resolved by the addition of the continuous morphological character data. Figure 3b shows the symmetric resampling tree generated from the total evidence data set, with clades having less than 50% support collapsed; the phylogenetic positions of 16 species belonging to the "IP clade" are not further resolved in this tree. Table 2 shows a summary of the cladistic pseudofossil analyses, including whether or not a taxon is a member of a well-supported clade, measures of b and x, patterns of pseudofossil movement and tree disruption (when these events occurred), and indication of whether a pseudofossil analysis was successful according to the criteria of Methods 1 and 2. CI and RI values for all pseudofossil analyses ranged, respectively, from 0.277 to 0.293 and 0.399 to 0.449.
According to Method 1's criteria for success, 38% (n = 23) of the cladistic pseudofossil analyses successfully positioned a pseudofossil species relative to the total evidence phylogeny (Fig. 3a) . Only 33% (n = 20) of the pseudofossil analyses are successful according to Method 2, but this percentage is increased to 45% (n = 20) when the 16 species lacking well-supported phylogenetic positions are disregarded. Furthermore, following Method 2, 95% (n = 57) of all of the pseudofossil taxa are found to be assigned correctly to either the "IP" or "WA/EP" clades.
DISCUSSION
Although initial success rates may appear low, we consider it impressive that 14 unweighted morphometric characters-or 5% of the phylogenetically informative characters-were able to successfully position the pseudofossil taxon in 33-45% of cases, depending upon the criteria considered (Method 1 or 2). Furthermore, in most cases, the inability to place the cladistic pseudofossil correctly does not appear to be the fault of the continuous morphometric characters. There appear to be 2 main reasons for nonsuccesses in the cladistic pseudofossil analyses: The molecular data set and inadequate taxon sampling.
Quality of the Molecular Data set
We found that many of the basal nodes on the consensus tree resulting from the analysis of the molecular data set (Fig. 6 ) had low symmetric resampling values, indicating poor support. Sixteen of the species sampled here (Table 2) do not belong to wellsupported clades (meaning support values less than 50%) on the symmetric resampling tree derived from the total evidence data set (Fig. 3b) . Furthermore, 14 of the species also lacked support on the calmodulin phylogeny published by Duda and Kohn (2005, figure 2 ; Table 2 ). With respect to the 16s tree of Duda and Kohn (2005, figure 1) , this is also the case for 10 of the same 378 SYSTEMATIC BIOLOGY VOL. 62 FIGURE 6. Strict consensus of 24 equally parsimonious trees (each of length 1461 steps and with CI 0.286-0.287 and RI 0.435-0.438) resulting from the analysis of the molecular sequence data set (16s rRNA and calmodulin). Symmetric resampling (Goloboff et al. 2003b ) absolute frequency support values are mapped at nodes. All species are from the genus Conus. 379 14 species we analyzed (the other taxa either formed clades with taxa not included in our study (n = 3) or were not sampled for 16s (n = 1) by Duda and Kohn 2005) . (Note that 3 additional species sampled here did form well-supported clades in the calmodulin tree of Duda and Kohn, but with species not included in this study.) It would therefore be surprising, perhaps, if these 16 taxa were positioned correctly during the cladistic pseudofossil analysis given the fact that the currently available molecular sequence data sets remain incapable of decisively resolving the relationships of these taxa relative to one another and/or other species. These 16 taxa were not removed from our study, however, as doing so would further reduce taxon sampling. In 25% of cases where a cladistic pseudofossil moved out of the clade it was originally placed in, the pseudofossil grouped with a clade that contained one or more of the species that had no node support in the original calmodulin tree. In 19% (n = 12) of the cladistic pseudofossil analyses (Table 2) , disruption occurred outside of the clade that the cladistic pseudofossils moved to or from. Of these, 7 were species whose placements are poorly supported by the original molecular data, suggesting that the placement of these taxa in the total evidence tree was suspicious. Of the 44 species positioned in clades with more than 50% symmetric resampling support (Fig. 3b) , 50% are successfully placed in the cladistic pseudofossil analyses according to the criteria of Method 1 and 45% by the criteria of Method 2. These successfully placed species support the demonstration of Wiens (2003a) that taxa with missing data often do not negatively impact relationships across the phylogeny (also see the comments on missing data by Hermsen and Hendricks (2008) and Edgecombe (2010) ).
Taxon Sampling
Given the diversity of Conus, it is clear that there are many additional species not included in this study. Despite the efforts made to sample as many taxa as possible from Duda and Kohn's (2005) 138 species list, this analysis still contains only about half of the total species used in their study, which itself was a small portion of the total number of Conus species. Some of the unsuccessful cladistic pseudofossil analyses may therefore be attributed to poor taxon sampling in parts of the phylogeny. For instance, many of the unstable cladistic pseudofossil taxa are positioned in clades that are less densely sampled in this study (e.g., clades 11 and 14; Fig. 3a) . Some of this instability may be due to poor taxon sampling within and around clades within the genus. Although increased taxon sampling is known to increase the accuracy of phylogenetic trees (e.g., Pollock et al. 2002; Zwickl and Hillis 2002; DeBry 2005) , there is little that can be done to remedy this problem unless additional taxa represented by suitable numbers of wellpreserved specimens become available for study. Here, efforts were made to maximize the number of taxa included from the reference molecular phylogeny (Duda and Kohn 2005 ), but problems caused by poorly sampled regions of the tree in the original molecular data set are impossible to eliminate until relevant molecular data are available for more species in or around these regions of the tree.
Homoplasy
The use of shell morphology in phylogenetic analysis of recent or fossil gastropods assumes that shell morphology is a reliable indicator of both taxonomic identity and phylogenetic relationships and is not rife with homoplasy (i.e., similarity due to convergence rather than common ancestry), a point that has been debated (e.g., Kool 1993; Emberton 1995; Schander and Sundberg 2001; Wagner 2001) . All extinct, and the majority of extant, gastropod taxa were originally described on the basis of their shell features (Allmon and Smith 2011) , with soft-part anatomical features being incorporated more recently in descriptions of extant species. In gastropods, there is clearly systematic variation in shell morphology that allows species to be recognized, and in describing this interspecific variation, morphometric variables are often used, even if these are simply length measurements such as widths and heights rather than being formalized via morphometric methodologies (e.g., Cole et al. 2002; Polly 2002 ).
Although this species-level taxonomic variation must have a phylogenetic basis (Forey 2002) , it has been largely underutilized in phylogenetic analyses due in part to the belief of some that gastropod shells do not contain a phylogenetically useful signal. Critics (e.g., Kool 1993) of utilizing shell characters for phylogeny reconstruction have argued that homoplasy renders shell characters useless both because their morphology is (or is perceived to be) plastic in response to environmental factors and because, as protective structures, shells are targets of intense selection pressure. Some recent studies have shown, however, that shell characters are perhaps not as problematic as had previously been thought (e.g., Schander and Sundberg 2001) and many workers now accept that morphological characters should not be rejected a priori on the grounds of being homoplasious (see review in Hermsen and Hendricks 2008) . Indeed, there have been phylogenetic studies carried out that utilize only shell characters (e.g., Wagner 1999; deMaintenon 2005) . In addition, other studies have shown that, while shell characters are more homoplasious than anatomical or molecular characters, they can contribute to phylogenetic hypotheses as components of combined analyses, adding resolution (as we also documented here) and increased node support within the phylogeny (e.g., Vermeij and Carlson 2000; Wagner 2001; Collin 2003) . In this way, shell characters appear to increase node support and thereby add resolution to phylogenetic hypotheses.
In our study, the movement of a cladistic pseudofossil was only rarely due to shell homoplasy. An example where this does seem to have been the case, however, VOL. 62 was Conus dorreensis, where the cladistic pseudofossil moved from the Indo-Pacific clade with C. ebraeus and C. chaldaeus into the western Atlantic/eastern Pacific clade with C. ximenes. This is due, presumably, to the similarity in body whorl shape between these 2 species. This similarity is likely due to homoplasy, as sequence data consistently place C. dorreensis in the Indo-Pacific clade. Had other data been integrated into the total evidence tree, such as color patterns or other traditional shell character data (e.g., number of protoconch whorls), the cladistic pseudofossil placement of C. dorreensis may not have been so dramatic. Pseudofossil movement may have also occurred due to shell homoplasy in other taxa, but if this was the case, it was not obvious.
Beyond the perceived problem of shell characters being beset by homoplasy, however, there has also been great difficulty in defining potentially homologous characteristics between gastropod shells and this is at least partly due to the difficulty described above of describing the complex and continuous variation among gastropod shells as discrete characters, a problem that is not restricted to just gastropods and other mollusks (also see Van Bocxlaer and Schultheiß 2010) . Despite this, there are an increasing number of studies that have applied geometric morphometric methods to mollusks, including gastropods (e.g., Guralnick and Kurpius 2001; Teusch and Guralnick 2003; Rolán et al. 2004; CarvajalRodríguez et al. 2005; Hollander et al. 2006; Conde-Padín et al. 2007; Cunha et al. 2008; Monnet et al. 2009; Geary et al. 2010; Van Bocxlaer and Schultheiß 2010) . Cunha et al. (2008) is one of few studies to have applied geometric morphometric methods to Conus shells. These authors used landmarks and semilandmarks to explore shape variation in Cape Verde Conus in relation to taxonomy and geographic distribution. Our approach differs by using an eigenshape analysis to describe shell shape using semilandmarks and one homologous point (the apex); many of Cunha et al.'s (2008) landmarks are based on the positions of sutures between spire whorls, which vary significantly between the species used in this study. This makes it impossible to consistently apply the landmarks used by Cunha et al. (2008) to all of the species used here. Cunha et al. (2008) also suggested that the shells of cone snails do not contain an unequivocally useful phylogenetic signal because their morphometric analysis did not recover groupings consistent with the molecular phylogeny produced by an analysis of 2 mitochondrial genes, despite their conclusion that "subtle shell shape features may have some discriminating utility for taxonomic purposes" (p. 897).
Using Geometric Morphometric Methods to Generate
Phylogenetic Characters This is not the first study to use morphometric methodologies to generate phylogenetic character data. In addition to the debate about the use of the sorts of characters most likely to be examined using morphometrics (see above), there has also been much discussion about the suitability of geometric morphometric methodologies for generating phylogenetic character data. Some studies have attempted to use morphometric methods directly to derive new phylogenetic characters (e.g., Swiderski 1993; Zelditch et al. 1995; Bookstein 2002; MacLeod 2002) , while others argue that use of morphometrics should be limited to enhancing descriptions to produce more accurate traditional phylogenetic characters, rather than generating new morphological characters (e.g., Zelditch et al. 2001) . It has also been argued that data from any eigenanalysis-based methodologies should not be used in the definition of phylogenetic characters because the results of the analysis are based on the composition of the sample used and thus adding another specimen would change the shape space generated by the eigenanalysis (e.g., Rae 2002; Swiderski et al. 2002; Zelditch et al. 2004) , thus breaking the criterion of phylogenetically useful characters being features of individual organisms (Pimental and Riggins 1987) . In contrast, MacLeod (2001a MacLeod ( , 2002 argued that morphometric-based methods that produce sample-referenced results should not be excluded from use in phylogenetic inference as all phylogenetic characters are defined with reference to the sample (for example, a character in an analysis of 3 terminal taxa might have 3 different states, but were the analysis expanded to 5 terminal taxa, the same character might have 3, 4, or 5 states) and that therefore, with care it should also be possible to incorporate such data into a phylogenetic analysis.
A number of methods have previously utilized ordination data in defining characters and character states. For instance, a form of gap coding (Thiele 1993) has been suggested (MacLeod 2002) which uses discontinuities in continuous data by assigning character states to groupings in the shape space produced by an eigenanalysis decomposition. This approach can be problematic if no obvious groupings are uncovered, or if arbitrary groupings are picked out of the plots (in the same way as nonobjective groupings can be picked by other gap coding methods, e.g., Reid and Sidwell 2002 ). MacLeod's (2002) example, howeverwhich considered trilobites and simulated fish-showed that that this approach is able to recreate phylogenies based on other data sets even if some data are lost in the conversion from continuous variables to discrete characters (Adams et al. 2004) .
The method described in this article extends the use of the position of specimens and species in shape space as described by eigenshape axis loadings. Rather than discretely coding a species along an axis based on possibly arbitrary groupings, each species' position along each axis is included directly into the analysis as continuous characters from the eigenshape scores produced by the eigenshape analysis. As described earlier, the position of a specimen (or species) along each axis indicates what the original shape of that specimen was. To incorporate the shape of a specimen or a species into a phylogenetic analysis, the coordinates 381 describing its location along each eigenshape axis (i.e., its eigenscores) can be incorporated directly into TNT as continuous characters. Zelditch et al. (2001) argued against the use of principle components scores (and as an extension, therefore, relative warp scores and eigenscores) as they are not homologous in their own right, but rather are descriptions of what might be homologous features. Although individual axes are just geometrically independent descriptions of shape variation, as described above, the combination of all the ordination axes represents the total shape variation in the sample and therefore using multiple ordination axes in a phylogenetic analysis allows an integrated complex phenotype-such as a shell-to be treated as a single homologous phylogenetic unit and analyzed as a whole structure (see González-José et al. 2008) .
In their phylogenetic study of Homo fossils, González-José et al. (2008) used a similar methodology to that described here, but used relative warp scores from a 3D landmark analysis rather than eigenshape analysis, as landmarks are readily identifiable on Homo skulls. Using the relative warp scores for individual specimens (whereas standard error around the mean value of each species is used here; see above), they found that using only the relative warp scoresand no other characters-recovered a phylogeny that showed a marked congruence with other, independently generated phylogenies (but, see also commentary in Adams et al. 2011 and Clouse et al. 2010) . Their reference phylogeny, however, was also based on morphological characters and may therefore not be a completely independent case (Hendrixson and Bond 2009) . Since the González-José et al. (2008) article was published, other studies have used similar methods (Chemisquy et al. 2009; Aguilar-Medrano et al. 2011) . For additional discussion of and justification for utilizing morphometric characters for phylogeny reconstruction, see de Bivort et al. (2010) .
CONCLUSIONS
Many of the mineralized organismal groups that have the most complete fossil records and have been the most frequent subjects of macroevolutionary studies have also been neglected with respect to analytical investigations of their phylogenetic histories; we argue that a phylogenetic framework is indeed essential to addressing many of the most interesting macroevolutionary questions, ranging from investigations of the tempo and mode of evolution of particular clades (Cooper and Fortey 1998; Barraclough and Nee 2001; MacLeod 2001b) to addressing topics such as species selection (e.g., Lieberman et al. 1993; Duda and Palumbi 1999) . The most obvious reason why many important fossil groups have been neglected from phylogenetic analyses is that they often have high diversity, but limited discrete character data. Until recently, it was not possible to analyze abundantly available morphometric character data directly in a cladistic framework, but this is no longer the case.
The method described here allows approximately one-third or more (depending on the criteria for success employed) of the species treated as cladistic pseudofossils to be successfully placed into the clade to which the total evidence tree suggests they belong. Where failures occur, it does not-except in rare casesappear to be due to the continuous characters, but rather instability in the relationships suggested by the molecular data. This instability is partly due to the molecular data themselves as well as inadequate taxon sampling. Furthermore, the ability to place a true fossil with slightly less accuracy than achievable here could be viewed as successful if it provides more information about which extant species it is related to than was previously known, even if the exact sister group relationships remain unclear.
The level of success reported here was made possible using only 14 unweighted continuous morphometric characters (5% of the phylogenetically informative total evidence matrix characters). There are a number of other characters types in Conus that have, or potentially have, phylogenetic signal-including radular and other anatomical characters, shell color patterns, and the shape of the subsutural flexure (see Smith 1930; Hendricks 2009 )-but that were not included here (for specific examples of such characters, see Tucker and Tenorio 2009) . If other such characters were integrated into the analysis-and shell color patterns and subsutural flexure features are frequently preserved in fossils (see Hendricks 2009 )-the power of the method to correctly position cladistic pseudofossils (and by extension fossil taxa) would likely be further enhanced.
There has in the past been a perception (e.g., Patterson 1981; Hulsenbeck 1991 ) that the incorporation of extinct taxa lacking preserved molecular or nonmineralized characters in phylogenetic analyses of extant taxa is thwarted by the quantity of missing data present in the matrix for the extinct taxon which prevents that taxon from positioning correctly. Studies (e.g., Novacek 1992; Kearney 2002; Wiens 2003b Wiens , 2006 Corbett et al. 2007; Hermsen and Hendricks 2008; Edgecombe 2010; Wiens et al. 2010) , however, have shown that cladistic matrices with one or more extinct taxa with large amounts of missing character data do not automatically mean that those taxa will not occupy well-resolved positions in phylogenetic hypotheses. It is instead more relevant that the characters that can be coded are synapomorphies for the taxa included in the analysis (see Hermsen and Hendricks 2008 for further discussion of the inclusion of fossils into phylogenetic analyses).
Molecular sequencing efforts have rapidly increased the quantity and quality of molecular data available for many groups of extant organisms. With the exception of some geologically young fossils, robust molecular sequence data sets will never be available for most extinct organisms (Donoghue et al. 1989; Smith and Turner 2005) , making it impossible to use sequence data to examine the relationships of fossil species or to VOL. 62 place ancient organisms into the phylogenetic context of their modern relatives. To include these taxa into an analysis, therefore, morphological character data must be utilized. Where discrete character data are limited (or even where they are abundant), the approach presented above describes a new way to make another suite of character data (outline morphometric data) available for better reconstructing the evolutionary histories of some of the dominant clades alive today, many of which have long histories that remain little integrated into our growing knowledge of the tree of life.
SUPPLEMENTARY MATERIAL
Supplementary material available at the Dryad data repository (http://datadryad.org/, doi:10.5061/dryad.ns341) consists of: a) Supplementary Figures (S1-S6 showing exemplary specimens of each of the 61 Conus species included in our study; b) the cladistic character matrix files (TNT format) used to generate the molecular phylogeny and total evidence phylogeny; c) the digital outline image files (JPEG format) used to generate coordinate point data; d) the tpsDig file used in the eigenshape analyses; e) example TNT files for 2 pseudofossils (Conus abbreviatus and Conus flavidus, the examples given in Fig. 4) ; and f) the 2 tree files (generated by TNT) for these 2 pseudofossil analyses. The matrix used to generate the molecular phylogeny is also available at TreeBase (http://purl.org/phylo/treebase/phylows/study/ TB2:S12086 
